Control of prolactin secretion in the teleost Oreochromis mossambicus: effects of water acidification by Wendelaar Bonga, S.E. et al.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
This full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/16631
 
 
 
Please be advised that this information was generated on 2014-11-15 and may be subject to
change.
GENERAL AND COMPARATI VE ENDOCRI NOLOGY 72, 1-12 (1988)
Control of Prolactin Secretion in the Teleost Oreochromis
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Prolactin secretion is stimulated markedly in fish exposed  to water o f  pH 4. This phe­
nomenon was used to study the control o f  prolactin secretion. Activation occurs irrespective  
o f  changes in plasma osmolarity or plasma sodium and calcium concentrations. After acute  
acidification o f  the water, which leads to a substantial fall in plasma osmolarity and plasma  
electrolyte levels ,  the activation o f  the prolactin cells is less marked than after gradual 
acidification o f  the water, when plasma osmolarity, plasma sodium, and plasma total and 
ionic calcium levels are not noticeably affected. When fish bearing an implanted rostral pars 
distalis o f  the pituitary gland are exposed  to water o f  pH 4, both the in situ prolactin cells  
and the prolactin cells o f  the implant becom e activated only when the drop in water pH is 
acute and followed by a reduction in plasma osmolarity and electrolyte levels .  When the rate 
o f  reduction o f  the pH is s low and not changing plasma osmolarity or sodium and calcium  
levels ,  the in situ prolactin cells  are stimulated, but not those o f  the implants. We conclude  
that the activation o f  the prolactin cells in situ in fish in acid water is not mediated by 
reductions in plasma osmolarity, plasma sodium, total calcium, or ionic calcium, but by 
hypothalamic mechanisms. The drop in plasma osmolarity and electrolytes probably reflects  
e x c e s s iv e  osmoregulatory stress and this may hamper instead o f  stimulate the response  o f  
the prolactin cells  to osmoregulatory disturbance. The physiological significance o f  the in 
vitro activation o f  prolactin cells by reduced ambient osmolarity is unclear. © 1988 Academic
Press. Inc.
The  s ec re to ry  ac t iv i ty  o f  the prolact in  
cells in fish is influenced by the osmolar i ty  
and ionic con ten t  o f  the ambient  water .  In 
seaw a te r  fish, prolact in  secre t ion  and p ro ­
lactin blood levels are low. In f re shw ate r  
fish, prolact in  secre t ion  as well as c i rcu la t ­
ing p r o l a c t i n  l e v e l s  a re  g e n e r a l l y  high 
(Clarke and  Bern ,  1980; Nicoll et al., 1981; 
Prunet  and  Boeuf,  1985; H irano ,  1986). The  
high rate o f  prolact in  secre t ion  o f  f r e sh w a­
ter fish has been  ascr ibed  to the osmolar i ty  
or the sod ium or ca lc ium and magnesium 
concen t ra t ions  o f  the wate r ,  which are e x ­
tremely low w hen  co m p ared  with those  of  
seaw a te r  (E n so r  and Ball, 1972; N ag ah am a  
et al., 1974, 1975; O gasaw ara  and Y am ada ,  
1979; W ende laa r  Bonga and Van der  Meij, 
1980, 1981; Olivereau and Olivereau,  1983; 
Ruijter et al., 1984).
Recent ly ,  we have shown that in some
species  reduct ion  o f  w a te r  pH  also results  
in m arked  s t imulat ion o f  prolact in  secre t ion  
(W ende laa r  Bonga et al., 1984a, b). R e d u c ­
tions o f  w a te r  osmolar i ty ,  ca lc ium c o n c e n ­
tra t ion,  o r  w a te r  pH  all induce increased  
e lec tro ly te  losses that  may result  in r e d u c ­
tion o f  p lasm a osmolar i ty  and p lasm a  e lec ­
tro ly tes ,  and in increased  osm ot ic  w a te r  u p ­
take.  T hese  losses are p robab ly  c o u n te r ­
ac ted  by en h an ced  prolact in  secre t ion .
The  m echan ism s  that  media te  the effects 
o f  w a te r  osmolar i ty  and ionic c o n c e n t r a ­
tions on prolact in  cells are still u n d e r  d e ­
bate.  N eu ro e n d o c r in e  as well as sys temic  
pa thw ays  have been  implicated.  As in te r ­
restrial  v e r teb ra te s ,  aminergic  and pep t i ­
dergic neural  m echan ism s  are know n to in­
f luence  pro lac t in  sec re t io n  in fish (Ball ,  
1981). On the o the r  hand ,  it has been  c o n ­
cluded that the osmolar i ty  o f  the w a te r  af­
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f e c t s  p ro la c t in  ce l ls  m o re  d i r e c t ly ,  v ia  
changes  induced in the osmolar i ty  o f  the 
blood. This  was based  on observa t ions  on 
fish bea r ing  ec top ica l ly  g ra f ted  p i tu i ta ry  
glands and on incubated  or  per ifused pi tu­
itary glands.  W hen  fish bearing grafted pi­
tuitary glands are t ransfer red  from f re sh w a­
ter  to seaw a te r ,  the prolact in  cells are inac­
t iva ted ,  similar to prolact in  cells in situ. 
This effect has been ascr ibed  to the inhibi­
to ry  e f fec t  on th e s e  ce l ls  o f  i n c r e a s e d  
p lasm a osmolar i ty  (Lea the r land  and Ensor ,  
1973; N a g a h a m a  et at., 1974). Similarly,  
when  prolact in  cells in vitro are exposed  to 
an increase  in the osmolar i ty  o f  the incuba­
tion or  the perifusion fluid, synthes is  and 
release of  prolact in are reduced ,  whereas  
the reverse  is found af ter  reduct ion  of  the 
o sm o la r i ty  ( Ing le ton  ct al., 1973; N a g a ­
h a m a  ct al., 1975; W igham  ct al., 1977; 
Grau  ct al., 1981, 1987; Bat ten  et al., 1983). 
We have conf i rmed these  obse rva t ions  for 
p ro lac t in  cells  o f  O reochrom is  m o ssa m -  
bicus in vitro  (W e n d e la a r  Bonga et al., 
1985). H o w e v e r ,  addit ional  expe r im en ts  in­
d icated  that the response  to ambient  o s m o ­
larity o f  prolact in  cells in vitro or  in p i tu­
itary grafts  does  not a lways  occu r  in p ro ­
lactin cells in situ, i .e.,  in the p resence  of  
intact hypo tha lam ic  connec t ions .  In these 
expe r im en ts  we obse rved  that the r ed u c ­
tion o f  p lasma osmolar i ty  following e x p o ­
sure o f  fish to calcium-defic ient  fresh water  
s t im ula tes  pro lac t in  secre t ion ,  w hereas  a 
similar reduct ion  effected by exposu re  to 
high-calcium w a te r  reduces  prolactin sec re ­
tion. T hus ,  cons is ten t  act ivat ion of  p ro lac­
tin cells by reduced  osmolar i ty  seems to o c ­
cu r  only in the ab sence  o f  hypotha lam ic  
control  m echan ism s .
In the p resen t  s tudy we have examined  
the re la t ionship  be tw een  p lasma osmolar i ty  
and prolact in  secre t ion  in fish during e x p o ­
sure to acid water .  Prolactin secret ion is 
inc reased  d ram at ica l ly  in w a te r  o f  pH 4 
(W ende laa r  Bonga et al., 1984a, b). This is 
often p receded  by a reduct ion in p lasma o s ­
molarity.  H o w ev e r ,  the drop  in osmolari ty
is dependen t  on the rate  o f  acidif icat ion o f  
the water ,  ra ther  than on the final w a te r  PH 
(W ende laa r  Bonga et al., 1987). We c o m ­
pared the response  to w a te r  acidif icat ion o f  
the prolact in cells o f  O. m o ssa m b icu s  in 
situ  and in ec topic  pi tui tary implants .  W a ­
ter  pH was  reduced  to pH 4 e i ther  abrup t ly ,  
which resu l ted  in an ap p rec iab le  loss o f  
p lasma e lec tro ly tes  and thus  in reduct ion  o f  
o sm ola r i ty ,  o r  g radua l ly ,  w i thou t  n o t ic e ­
able reduct ion  of  p lasm a osmolar i ty .  Since 
p lasm a sodium and calc ium have  been im­
plicated in the contro l  o f  prolactin secre t ion  
in addit ion to osm olar i ty ,  both were  s tudied 
to examine  the re la t ionship  be tw een  these  
pa ram e te rs  and the synthet ic  activity o f  the 
prolactin  cells in situ  and  in implants .
MATERIALS AND M ETH ODS
Sexually  mature tilapia (O. mossambicus)  o f  about  
15 g body wt were used. The fish were obtained from 
laboratory stock and kept in 100-liter aquaria al 25° 
with a daily light period o f  12 hr. The aquaria c o n ­
tained well-aerated circulating tapwater. The c o n c e n ­
trations o f  the main ions o f  the water used were (in 
mM) Na + , 3.0; K \  0.08; C a2 + , 0.8; Mg2 + , 0.2; Cl , 
4.2; and S 0 42 ~, 0.5. The water pH was 7.6.
Three days before the water was acidified, pituitary 
glands were dissected from normal freshwater donor  
fish. The rostral pars distalis containing all the prolac­
tin cells (prolactin lobe) was separated carefully from 
the pituitary gland. Three prolactin lobes per recipient  
fish were implanted via a small but deep incision (2-3  
mm in length, about 8 mm deep) in the dorsal m uscu­
lature. The recipient fish were anesthet ized  lightly 
with MS-222. The incision was sutured carefully. The  
control fish were treated similarly, but no tissue was  
implanted.
Water pH was reduced from pH 7.6 to pH 4 either  
abruptly (within 10 min) or gradually (over 4 hr) by 
adding diluted H 2S 0 4 (analytical grade; 0.05 M  so lu ­
tion in tapwater) to the water circulation. Water pH 
was controlled by pH stat equipment (Radiometer,  
Copenhagen).  The ammonia concentration o f  the w a­
ter (ammonia secretion increases rapidly during adap­
tation to acid water) was monitored daily and kept 
below 0.5 mg per liter by refreshing part o f  the water.
Four, 16. 24, and 48 hr after the start o f  acidification  
o f  the water groups o f f i sh  were anesthetized rapidly in 
m ethoxyethanol.  Fish bearing prolactin lobes were  
killed 48 hr after the start o f  acidification. Blood was  
collected from the cut end o f  the caudal peduncle in 
heparinized hematocrit  capil laries .  B lood sam p les
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were analyzed for ionic calcium within 15 min after 
sampling in an ICA-1 automated ionic calcium ana­
lyzer (Radiometer). After centrifugation o f  the blood.  
50-fil plasma samples were used for determination o f  
the osmolarity in a Vogel microosmom eter.  Plasma  
Na * was determined by atomic absorption spectro­
photometry. Plasma calcium was determined by the 
use o f  a calcium kit (Sigma Chemical C o . ,  St. Louis,  
MO), a colorimetric method based on cresolphthalein  
com plexone .
For electron m icroscopy pituitary glands were fixed 
as described earlier (Wendelaar Bonga and Van der 
Meij, 1980). Ultrathin sections were examined in a 
Philips 201 or 301 electron m icroscope.  The number o f  
secretory granules per unit area o f  cytoplasmic surface  
(granule density) was determined with Kontron Digi- 
plan integration equipment and a magnetostriction tab­
let. Randomly selected prolactin cell profiles contain­
ing a nucleus and with a total cytoplasm ic area o f  500 
fjim2 per gland (nuclei excluded) were analyzed, at a 
final magnification o f  8 6 0 0 x .
To estimate the rale o f  prolactin synthesis ,  ihe ros- 
tral pars distalis (prolactin lobe) was carefully sepa­
rated from freshly dissected pituitary glands. After a 
preincubation period o f  30 min, the lobes were incu­
bated (in batches o f  three lobes) for 4 hr in a medium  
containing I'H ¡leucine. Subsequently  the lobes and in­
cubation media were subjected to S D S -g e l  e lectropho­
resis (for a detailed description o f  the procedures see  
Wendelaar Bonga et al., 1983). In our system tilapia 
prolactin is represented by tw o bands o f  20 and 21.5 
kDa, respectively  (Wendelaar Bonga et al., 1984a), 
which likely represent the two bands described by 
Specker et al. (1985) for the same spec ies ,  and shown  
to differ slightly in amino acid com posit ion. In tilapia 
both bands show  similar biological activity (Specker et 
al., 1985) and they are synthesized and released in the 
sam e ratio under different co n d it io n s  (W endelaar  
Bonga et al., 1984a; Specker et al., 1985). Therefore,  
the rate o f  prolactin synthesis  was estimated by sum ­
marizing the total amount o f  labeled (and thus newly  
synthesized  during incubation) prolactin present in 
both bands, and recovered from both lobes and incu­
bation media. The radioactivity present in the bands 
was quantified by autoradiography o f  the gels and sub­
sequent densitometric scanning o f  the autoradiograms  
with a Bio-Rad Model 1650 densitometer. The results 
are expressed  as percentage o f  the controls.
Differences betw een the experimental groups co n ­
cerning granule density and plasma ion values were  
tested for significance by the M ann-W hitney U test.
RESU LTS
/. Plasm a O sm olarity , Sodium ,  
and Calcium
Acute  acidification of  the w a te r  to pH 4.0
led to a rapid reduct ion  o f  p lasm a o sm o la r ­
ity, p lasm a sodium and p lasm a total ca l­
cium, which becam e  not iceable  within 1 hr 
(results  not shown).  The  d ifferences  from 
the control  values were  highly significant at
4 hr (sodium and total ca lc ium; P  <  0.01) 
and 16 hr (osmolar i ty ;  P  <  0.001) af ter  the 
start  o f  acidification,  until the end o f  the 
exposu re  period (Fig. 1). T he  blood ionic 
ca lc ium co n c en t ra t io n  was  also r ed u ce d ,  
from 1.47 ±  0 . 1 1  mM  Ca~ ~ in the con tro ls ,  
to 1.21 ±  0.09 m M  C a 2 + af ter  24 hr at pH  4 
(P < 0.05).
W hen  the red u c t io n  o f  w a te r  pH w as  
gradual ,  with the final pH  reached  af ter  4 
hr, no reduct ion  in p lasm a osmolar i ty  or  
sod ium  and total ca lc ium  c o n c e n t r a t io n s  
w as  o b s e r v e d  (Fig.  1 ). S im i la r ly ,  b lood  
ionic ca lc ium levels were  not affected (1.51 
±  0 . 12  m M  C a 2 ' in the con tro ls ;  1.46 ±
0.08 m M  C a 2 ' in fish exposed  for 48 hr  to 
pH 4).
2. Prolactin Cell Activity
U ltras truc ture . F o u r  hours  a f te r  acu te  
acidification of  the w a te r  the u l t ras t ruc tu re  
of  the prolact in  cells was unchanged .  H o w ­
ever ,  af ter  16 hr a notable  degranu la t ion  
was obse rved  (Figs. 1-3), p robab ly  caused  
by increased  exocy to s is  o f  the sec re to ry  
granules .  Granu le  densi ty  rem ained  low un ­
til the end of  the obse rva t ion  period.  During 
the first 24 hr no o the r  s t ructura l  changes  
were  found.  After  48 hr, h o w ev e r ,  Golgi 
a reas  were  increased  in ex ten t .  W h e re a s  
the s e c re to ry  g ranu les  ou ts ide  the Golgi 
a rea  had dec reased  m arked ly ,  the n u m b er  
o f  p r e s e c r e t o r y  g ra n u le s  p r e s e n t  in the  
Golgi a reas  had increased.
W hen w a te r  pH was reduced  slowly,  the 
changes  in the u l t ras t ruc tu re  o f  the p ro lac ­
tin cells were  similar to those  obse rved  af­
ter  acute  acidification (Fig. 4). The  ex ten t  
o f  d eg ran u la t io n  w as  slightly m ore  p r o ­
n o u n c e d  (Fig. 1). A f te r  48 hr,  the  cells  
showed the same act ivat ion  o f  the Golgi a r ­
eas as af ter  acute  acidification (Fig. 4).
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F i g .  1. Plasma osmolarity (a), sodium (b), total calcium (c). and density o f  the secretory granules  
o f  the prolactin cells (d) o f f ish  after gradual water acidification (solid lines) or acute water acidification  
(broken lines); acidification started at / = 0 hr. Granule density is expressed  as the number o f  
secretory granules per surface unit o f  cytoplasm as determined in electron micrographs; means ±  SD  
o f  seven  (a, b, c) or five fishes per group.
Prolactin synthesis .  To  es t imate  the rate 
o f  p ro lac t in  sy n th e s i s ,  f re sh ly  d i s sec ted  
rostral lobes o f  the pituitary glands— these 
lobes  con ta in  all o f  the prolact in  cells—  
were  incubated  in vitro in the p resence  of  
labeled amino  acids.  Forty-eight  hours  after  
acu te  acidification to pH 4.0, the rate of  
prolactin  synthes is  o f  the rostral lobes of  
a c id - e x p o s e d  fish was  tw o  t im es  h igher  
than that  of  control  fish. The  lobes o f  the 
fish exper ienc ing  slow acidification to pH 4 
show ed  an a lmost  threefold increase in the 
rate o f  prolactin synthes is  af ter  48 hr (P <
0.01; Fig. 5).
3. Im p lan ted  Prolactin Lobes
Rostral  lobes o f  pituitary glands o f  donor  
fish were  implanted in the dorsal  m uscu la ­
ture o f  a c cep to r  fish that  were  subsequen t ly  
exposed  to pH 4 by acu te  w a te r  acidif ica­
tion. After  48 hr, p lasm a osm olar i ty  was  
r e d u c e d  s ignif icant ly  w h en  c o m p a r e d  to 
that of  contro ls  bearing implants  that  were  
not exposed  to acid w a te r  (contro ls ,  315 ±  
6 m O s m  • l i t e r “ 1; p H  4 ,  2 7 4  ±  5 
m O sm  • liter 1; P  <  0.01). T he  prolact in  
cells in situ  and those  in the implants  b e ­
haved similarly; both show ed  degranula t ion  
(Figs. 6 and 7).
W hen  fish with im plan ted  rostal  lobes 
were exposed  to gradual  acidif ication o f  the 
w a te r  of  pH 4, p lasm a osmolar i ty  was s im ­
ilar to that o f  con tro ls  (controls ,  312 ±  7 
m O s m  • l i t e r  1 ; p H  4 ,  3 1 5  ±  9 
m O sm  • liter '). The  prolactin cells o f  the 
in situ  pituitary glands were  degranu la ted  to
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Fig .  2. Prolactin cell o f  in situ pituitary gland o f  control fish from neutral freshwater; bar represents  
I fim.
F i g .  3. Degranulated prolactin cells o f  in situ pituitary gland o f  fish 16 hr after acute water acidi­
fication; bar represents 1 jjim.
Fig.  4. Active Golgi area o f  prolactin cell o f  in situ pituitary gland o f  fish exposed  for 48 hr to acid 
water (gradual acidification); bar represents 1 fim.
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the same ex ten t  as descr ibed  above  for fish 
without  implants .  H o w ev e r ,  the prolactin 
cells o f  the implanted rostal lobes showed 
no degranula t ion  (Figs. 6 and 8 ). The g ran ­
ule densi ty  was similar to that o f  implants  in 
the control  fish from neutral  w a te r  (9.43 ±
1.42 per  fxm2).
DISCUSSION
Prolactin Secretion and
Water C om position
Prolactin secre t ion  is rapidly and signifi­
cantly  s t imula ted  in tilapia exposed  to w a ­
ter  o f  pH 4. This is in ag reem ent  with ou r  
ear l ier  results  on the effects o f  prolonged 
acidif icat ion o f  the w a te r  in this species  
(W ende laa r  Bonga et al., 1984a, b, 1987). 
I n c r e a s e d  p r o la c t in  s e c r e t i o n  by w a te r  
acidif ication is also indicated by a s tudy o f  
N o t te r  et al., (1976), who dem o n s t ra ted  an 
increase  in R N A  synthes is  o f  the prolactin 
cell of  t rout  exposed  to acid w a te r  for 3-5 
days .  O ur  present  report  deals  with the im­
mediate  effects  o f  acidification in tilapia. 
Rapid degranula t ion  o f  the prolact in cells 
occu rs  be tw een  4 and 16 hr after  the start  o f
n ¿tm -2 granule density-
Fig. 5. Relative rate o f  prolactin synthesis  o f  pitu­
itary glands (means ±  SD: n = 5) freshly dissected  
from control fish (a. water pH 7.6) or from fish e x ­
posed to acid water (b. gradual acidification: c, acute  
acidification).
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Fig. 6. Num ber o f  secretory granules per surface  
unit o f  cytoplasm , as determined in electron micro­
graphs, o f  prolactin cells o f  in situ pituitary glands (left 
bars) or o f  pituitary glands implanted in the same fish 
(right bars), 48 hr after acidification o f  the water; a, 
gradual water acidification; b, acute water acidifica­
tion (means ±  SD; n =  5).
acidif ication. This  indicates  that  during this 
per iod the rate o f  g ranule  ex t ru s ion  s u r ­
passes  the rate o f  granule  synthes is .  A two- 
to threefold increased  ra te  o f  prolact in  s y n ­
thesis  could be d e m o n s t ra te d  in prolact in  
lobes freshly d issec ted  from fish ex p o sed  to 
pH 4 for only 48 hr. T hus ,  acidif ication of  
the w a te r  is an effective t r e a tm en t  to s t im ­
ulate prolact in  secre t ion  in tilapia.
Fac tors  o the r  than w a te r  pH that  have  
been repor ted  to s t imulate  prolact in  s e c re ­
tion in fish include reduc t ion  o f  the osm o-  
larity and the calcium co n cen t ra t io n  o f  the 
water .  E nh an ced  prolact in  cell act ivi ty  af­
ter  reduct ion  o f  w a te r  osm olar i ty ,  as occu rs  
af ter  t ransfer  or  migration o f  fish from se a ­
w ater  to f reshw ate r ,  has been  repor ted  for 
many species  (E n so r  and Ball, 1972; Naga-  
ham a  et al., 1973; W igham and Ball, 1977; 
D u b o u rg  et al., 1980; O l iv e re a u  et al.,  
1981). The  absence  o f  such a s t imula to ry  
effect is exceptional  (Cook and Van Over-  
beeke,  1969). The  effect o f  low w a te r  ca l ­
cium levels has been studied in relatively 
few species .  An inverse  re la t ionsh ip  be-
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tween  prolact in  cell act ivi ty  and  the ca l ­
cium concen t ra t ion  in f re shw a te r  has been 
repor ted  for s t ick lebacks ,  tilapia, eels,  and 
cat t ish (W en d e laa r  Bonga,  1978; W ende-  
laar Bonga and Van der  Meij, 1980; Oga- 
saw ara  and Y am ad a ,  1979; Olivereau and 
Olivereau ,  1983; Sr ivas tav  et al., 1983). In 
goldfish changes  in osmolar i ty ,  but not in 
w a te r  ca lc ium concen t ra t ion ,  influence p ro ­
lactin secre t ion  (Olivereau et al., 1981). We 
have fu r the r  show n that  low concen tra t ions  
of  cadm ium  ions in w a te r  (10 (jlM) s t imulate 
prolactin secre t ion  in tilapia (Fu et al., in 
preparat ion) .
T re a tm en ts  such as reduct ion  in w a te r  
osmolar i ty ,  ca lc ium concen tra t ion ,  or  pH ,  
or  the addit ion o f  cadm ium  to the water ,  
have in c o m m o n  that  they all enhance  pas ­
sive ion losses and osmotic  w a te r  uptake 
across  the in tegument ,  in par t icular  the e p ­
i the l ium  c o v e r i n g  the  gills ( M c D o n a l d ,  
1983; Giles,  1984; W en d e la a r  Bonga et al., 
1985, 1987; Flik et a l . , 1987; H irano ,  1986).
The s t imulat ion o f  prolactin  following such 
t rea tm en ts  in tilapia and some o ther  species  
can be c o n s id e red  as an a p p ro p r ia te  re ­
sponse:  the principal function o f  prolactin 
in f r e sh w a te r  osmoregu la t ion  seem s  to be 
the control  o f  the permeabil i ty  o f  the integ­
u m e n t  to  w a t e r  a n d  ions  ( H i r a n o  an d  
M ayer -G os tan ,  1978; H irano ,  1986).
M echan ism s o f  Control o f
Prolactin Secretion
T w o  control  m echan ism s  have been sug­
gested for prolact in  secre t ion  in teleosts:  
control  by hypotha lam ic  neural factors ,  and 
control  direct ly effected by systemic  fac­
tors on the prolact in  cells (N ag ah am a  et al., 
1975). The  possibil i ty that  prolact in  cells 
are directly influenced by p lasma o sm o la r ­
ity has rece ived  ample  a t tent ion.  The act i­
vation o f  prolact in  secre t ion  in fish t r an s ­
ferred from seaw a te r  to fresh w a te r  is u su ­
ally acco m p an ied  or  even  p receded  by a 
drop in p lasm a osmolar i ty .  M oreove r ,  not 
only prolact in  cells in situ, but also p ro lac­
tin cells o f  ec topical ly  implanted  pitui tary 
glands are s t imulated by the t ransfe r  o f  fish 
from seaw a te r  to f re sh w a te r  (Ball and Ol­
iv e r e a u ,  1965; N a g a h a m a  et a l . ,  1974; 
W i g h a m  a n d  B a l l ,  1977) .  T h e  w e l l -  
d o cu m en ted  s t imulation o f  prolact in  s e c re ­
tion during incubat ion o f  pi tui tary glands in 
hypotonic  medium is a n o th e r  a rgum en t  that  
has been used in favor  o f  p lasm a  osmolar i ty  
as an im por tan t  regu la to ry  f ac to r  (Sage,  
1968; Ingleton et al., 1973; N a g a h a m a  et 
al., 1975; Wigham et al., 1977). This  p h e ­
nom enon  has also been  d e m o n s t r a te d  for 
tilapia prolact in  cells in vitro (Z am b ran o  et 
al., 1974; N a g a h a m a  et al., 1975; G rau  et 
al., 1981).
Reduct ion  o f  w a te r  pH  is often followed 
by a d rop  in p lasm a osm olar i ty ,  caused  by 
passive ion losses and increased  osmotic  
w a te r  up take  (M cD ona ld ,  1983; K rou t  and 
D u n so n ,  1985; W e n d e la a r  B onga  et al., 
1984a, b). We have suggested  that  the s t im ­
ulation o f  prolactin  secre t ion  in acid w a te r  
might be media ted  by the decline in p lasma 
o s m o la r i ty .  H o w e v e r ,  th e  p r e s e n t  d a t a  
show that  the ac t iva t ion  o f  the prolact in  
cells is independen t  o f  changes  in p lasma 
osmolar i ty .  In fact ,  acidification o f  the w a ­
ter  to pH  4 does  not necessar i ly  lead to a 
reduct ion  o f  p lasm a osmolar i ty :  it is the 
rate  o f  reduct ion  o f  w a te r  pH ,  ra the r  than 
the final w a te r  pH that  de te rm ines  the im­
mediate  effect on p lasm a osmolar i ty .  Acu te  
ac id if ica t ion  o f  the w a te r  leads  to m ore  
s t ru c tu ra l  d a m a g e  o f  the  gill ep i th e l iu m  
than gradual  acidif ication,  and this may e x ­
plain the more  severe  loss o f  e lec t ro ly tes  
af ter  this t rea tm en t  (W ende laa r  Bonga  et 
al., 1987). This  p h e n o m en o n  offers the p o s ­
sibility o f  s tudying the effect o f  w a te r  pH on 
prolactin secre t ion  in situ  in the p resence  as 
well as in the absence  o f  a decline in p lasm a 
osmolar i ty .  The  results  show  that  the p ro ­
lactin cells  a re  a c t iv a te d  i r r e sp e c t iv e  o f  
changes  in p lasm a osmolar i ty .  A pparen t ly ,  
the effect o f  w a te r  acidif ication on prolact in  
sec re t ion  is not  m ed ia ted  by ch an g es  in 
p lasma osmolar i ty .  B rew er  and M c K e o w n
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F i g .  7. Prolactin cells  o f  in situ pituitary gland (a) and o f  pituitary implant in the same fish (b), 48 
hr after acute water acidification; bars represent 1 fjim.
F i g .  8. Prolactin cells o f  in situ pituitary gland (a) and o f  pituitary implant in the same fish (b), 48 
hr after gradual water acidification; bars represent 1 fim.
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(1980) cam e  to the same conclus ion  for the 
e f f e c t  o f  w a t e r  o s m o l a r i t y  w i th  c o h o  
salmon: s t imulation o f  prolact in  secre t ion  
af ter  t ransfe r  o f  the fish from seaw a te r  to 
f r e s h w a t e r  w a s  n o t  a c c o m p a n i e d  by  
changes  in p lasm a  osmolar i ty .
Reduc t ion  o f  p lasm a calcium or  sodium 
levels are  o th e r  factors  that  may s t imulate  
p ro lac t in  s e c re t io n .  A f te r  g radua l  w a te r  
acidif ication,  how ever ,  the prolact in cells 
o f  t ilapia b ecam e  ac t iva ted  m arked ly  w i th ­
out de tec tab le  changes  in p lasm a total cal­
c ium, total ionic ca lc ium, or  sodium. P ro ­
lactin secre t ion  was even  more  s t imulated 
in the absence  o f  a decline in p lasm a o s m o ­
larity o r  e lec t ro ly tes  than in its p resence .  
Possibly,  the severe  osm oregu la to ry  s tress  
reflected by reduced  p lasm a e lectro ly te  lev­
els h a m p e r s  r a t h e r  th a n  s t im u la t e s  the  
secre to ry  re sponse  o f  the prolactin  cells.
H o w ,  then ,  is the effect o f  w a te r  acidifi­
cat ion on the prolact in  cells m ed ia ted?  The 
invo lvem ent  o f  hypo tha lam ic  contro l  m e c h ­
anisms is s trongly indicated.  This is c o n ­
cluded from the difference in the response  
be tw een  the in situ  prolactin  cells and the 
cel ls  o f  e c to p ic a l ly  im p la n te d  p ro la c t in  
lobes.  Af te r  g radual  ac id i f ica t ion ,  which  
does  not affect p lasm a e lec tro ly tes ,  the in 
situ  prolact in  cells becam e  ac t iva ted ,  not 
the implanted  cells. This  al lows the co n c lu ­
sion that  hypotha lam ic  connec t ions  are re­
quired for s t imulat ion o f  the prolact in  cells 
in this condit ion.  Prolactin cells in fish, in­
cluding tilapia, are under  com plex  inhibi­
tory and  s t im ula to ry  contro l  (Ball,  1981; 
Grau  et a l . , 1981, 1986; Rivas et a l 1986).
In an earl ier  s tudy we have show n that 
the inhibitory effect  o f  e levated  w a te r  cal­
cium levels on prolact in  secre t ion  in tilapia 
is not m edia ted  by increased  osmolar i ty .  
C o n t ra s t in g ly ,  it was  a c c o m p a n ie d  by a 
slight reduc t ion  o f  p lasm a osmolar i ty  (Wen- 
de laar  Bonga et a l ., 1985). We suggest  that 
ac t iva t ion  o f  p ro lac t in  cells by a hypos-  
motic s t imulus ,  as occurs  in vitro and in 
prolactin  lobe implants ,  occurs  only in the 
a b s e n c e  o f  in ta c t  h y p o t h a l a m ic  c o n t ro l
m e c h a n i s m s .  T h e  p h y s io lo g i c a l  s ign i f i ­
cance  o f  the hyposm ot ic  r e sp o n se  o f  the 
prolactin  cells is unclear .  A l though  usually 
less intense than  in prolact in  cells,  this r e ­
sponse  has also been  o b se rv e d  during incu­
bation o f  o the r  p i tui tary cells in fish (Ingle- 
ton et al., 1973), ra ts  (Labe l la  et al., 1975), 
and bovine  adrenal  medul la ry  cells ( H a m p ­
ton and Holz ,  1983). The  ques t ion  rem ains  
how  the e f fec t  o f  w a t e r  a c id i f i c a t io n  is 
t ransm it ted  to the hypo tha lam us .  T he  da ta  
p r e s e n t e d  in th is  s t u d y  n o t  o n ly  p o in t  
a g a in s t  th e  p o s s ib i l i t y  t h a t  c h a n g e s  in 
p lasm a e lec tro ly tes  influence the prolact in  
cells d irect ly ,  via the c irculat ion,  but  also 
in d i re c t ly ,  via n eu ra l  m e c h a n i s m s .  T h e  
p resen t  da ta  are cons is ten t  with ou r  p rev i ­
ous  suggest ion  (W en d e laa r  Bonga  et al., 
1985) tha t  the  fish a re  ab le  to  p e rc e iv e  
changes  in pass ive  ion flows and /o r  osm ot ic  
w a te r  flow across  the in tegument .  This  sug­
gestion was  based  on o bse rva t ions  on  tila­
pia kept in saline with an osmolar i ty  similar 
to that  o f  blood.  In isoosmotic  saline p ro ­
lactin secre t ion  is very  low. This  may be 
co n n ec ted  with the ab sen ce  in isoosmotic  
w a te r  o f  substant ia l  osm ot ic  and ionic g ra ­
dients ,  and thus  o f  pass ive  ionic net  f lows 
and o f  osmotic  w a te r  flow ac ross  the integ­
ument .  We have d e m o n s t ra te d  that  ne i ther  
reduct ion  o f  w a te r  ca lc ium co n cen t ra t io n  
nor  acidification o f  the w a te r  has any  effect 
on prolact in  cell activi ty in isoosmotic  w a ­
ter,  a l though these  t re a tm e n ts  are  very  ef­
fective s t imulants  o f  prolact in  secre t ion  in 
t i l a p i a  k e p t  in f r e s h w a t e r  ( W e n d e l a a r  
Bonga et al., 1984a, b, 1985). T he  ab sen ce  
o f  any  effect  o f  w a te r  acidif ication in i soos­
motic saline fu r ther  exc ludes  the possibil i ty 
that  acidif ication o f  the blood or  o th e r  body  
fluids s t imulates  prolact in  secre t ion ,  since 
it may be a s su m ed  that  the p ro ton  p e r m e ­
ability o f  the in tegum ent  is at least  as high 
in isoosmotic  saline as it is in f r e sh w a te r  
(M c W il l i a m s ,  1982). M a y e r - G o s t a n  a n d  
H irano  (1976) have  d e m o n s t ra te d  effects  o f  
ne rve  t r a n s e c t io n s  on o s m o re g u la t io n  in 
eels and have suggested  that  nerve  fibers
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may t ransm i t  in format ion  from branchial  
recep to rs  to the brain. The  p resence  o f  neu ­
ral m e c h a n i s m s  fo r  the  p e r c e p t i o n  and  
t ransm iss ion  o f  information on passive w a ­
ter  and ions flows ac ross  the in tegument 
would explain ou r  present  and previous  o b ­
se rva t ions  on the control  o f  prolactin sec re ­
tion in tilapia.
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